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The mesh-excited space charge wave of ion beam is observed 
to be amplified in a plasma, as the result of the reactive-
medium instability. The amplification factor has the maximum 
value at the frequency corresponding to the synchronization 
condition between the beam wave and the lower hybrid wave mode 
of plasma, and then, an appreciable deceleration of beam is 
expected from the observation of the decrease of the phase 
velocity of amplifying wave. 
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1)-4) Recently, the instability of wave in an ion beam-plasma system 
. 5) 6) 
and its nonllnear development ' are investigated with a great interest, 
because of not only the physical importance of their mechanism but 
the possibility of its application to the ion heating. In the reports 
of experimental studies in the system, several authors have shown that 
the spontaneous excitation of waves is observed in the frequency regions 
h · 1 f 3),4). . 1),2),5) near t e lon cyc otron requency and ltS harmonlcs, 
which result from the coupling of the beam wave to the ion cyclotron 
wave of plasma. Moreover, it is reported that the strong excitation 
of such wave results in the wave heating of ions. 6 ) In this paper, 
we report the behavior of the test wave of ion beam excited ~terna~ 
by mesh grid and compare the experimental results with the theoretical 
consideration. 
The experimental apparatus used here is shown in Fig. 1. A 
vacuum chamber is constructed by using pylex glass tube, whose diameter 
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and length are 9.5 cm and 
220 cm, respectively. 
The left hand side of the 
chamber is an ion beam source 
and the right hand side of 
it is the region of measure-
ment, both regions being 
connected through a orifice 
(denoted by 6) whose dia-
meter and length are 8 mm 
and 10 mm. The beam 
source consists of a dc 
discharge region and an 
ion beam generated region. 
By using the cathode (denoted 
by 2) and the anode (denoted 
by 3), the dc discharge is 
done. 
Ar or He gas is fed 
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Fig. 1 The experimental apparatus and the 
intensity distribution of the magnetic 
field on the axis. 1. gas inlet, 2 oxide 
coated cathode, 3. anode, 4. first grid, 
5. second grid, 6. orifice, 7. coils, 
8. r-probe, 9. asterisk probe, 10. z-probe 
and 11. gas inlet. 
into the chamber through two needle valves (denoted by 1 and 11). 
By using the differential pumping, the pressures of three regions, i.e., 
the dc discharge region, the ion beam generated region and the region 
-4 -5 -4 
of measurement are maintained at 5.0xlO ,1.0XIO and 1.0x10 , 
respectively. The discharge current Id is varied from 100 rnA to 3 A. 
The second grid (denoted by 5) in the ion beam generated region is biased 
negatively to the anode, so that an ion beam is drawn out from the plasma 
produced by dc discharge through 137 orifices of the anode whose diameter 
is 3 mm. The acceleration voltage V is varied from 50 V to 200 V. 
a 
An external magnetic field is applied along the tuBe axis By 12 
main coils (denoted by 7) and its intensity distriBution on axis is shown 
in the lower diagram of Fig. 1. The coil current IB is varied up to 
300 A. The ion beam travels along the line of force near the axis of 
the chamber and is injected into the region of measurement through the 
orifice (denoted by 6). 
The energy distribution function of ion beam is measured by Farady 
f=500 KHz fCj =21.3 KHz 
Vo=200eV 
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Fig. 2 The propagating wave 
patterns. 
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cup. As the energy Eb and the density 
nb of ion beam can be varied independently 
and -its temperature Tb is relatively low 
(Tb~O.leV), the source is suitable one 
for the investigation of wave phenomenon 
in an ion beam-plasma system. 
The plasma is produced in the region 
of measurement by dc discharge between the 
oxide-coated cathode (denoted by 2') and 
the anode (denoted by 6). When the ion 
beam is injected, the ion beam-plasma system 
isgenerated in the region. 
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Fig. 3 The wave number compo-
, 
nents k and k of damping 
Ur IIr 
and amplifying waves, the 
growth rate kUi of the latter 
and the starting length Zst' 
as functions of the frequency 
f. 
The space charge wave of ion beam is excited by applying the signal 
to the first grid, whose frequency f is varied from 400 KHz to 700 KHz. 
The propagating wave pattern along the z axis in the region of measurement 
is observed by the interferometer system, the result of which is shown in 
Fig. 2. The lower pattern corresponds to the case where the dc discharge 
is not done, so that only an ion beam travels in a vacuum. It is seen 
that the space charge wave whose phase velocity is nearly equal to that of 
ion beam (w/k =vb ) propagates with small damping. The upper pattern 
shows that in the ion beam-plasma system when the dc discharge is done. 
The amplifying wave appears in the region sufficiently far from the beam 
inlet (z>z ), while the damping wave is seen near the beam inlet (z<z ). 
st st 
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It is known from the comparison of the amplifying wave with the damping one, 
that the wave length of the former is shorter than that of the latter, that 
is, the wave number component parallel to the field kll of the former is 
larger. As the frequency W/21T and the wave number kll of the space charge 
wave must satisfies the condition of w/kll=vb , the above-mentioned fact may 
imply that the ion beam slows down in the region of z>z ,as the result of 
st 
energy transfer from the beam to the amplifying wave. 
The wave number components (k'Ir and kllr ) of the damping wave and 
amplifying wave, the growth rate k
l
. of the latter wave and the starting Il 
length z can be estimated from both wave patterns in Fig. 2. The 
st 
results are shown in Fig. 3, as functions of the frequency f. At the 
frequency (f~600 KHz) where the maximum growth rate is observed, the phase 
velocity of the amplifying wave w/k"r 
and starting length z become minimum 
st 
which implies that the energy transfer 
from the beam to the wave occurs most 
effectively at the frequency. On 
the other hand, the phase velocity of 
the damping wave w/k~r is independent 
on the frequency and equal to the 
initial beam velocity estimated from 
the acceleration voltage V • In 
a 
this case, as the matter of course, 
the energy trnsfer does not occur. 
The results ar~ explained by the 
reactive-medium instability of the 
space charge wave of ion beam near 
the lower hybrid frequency, which 
is described by the following 
dispersion relation, 
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Fig. 4 The calculated dispersion 
relation. It is seen that the 
space charge wave of beam is 
unstable in the frequency region 
lower than the lower hybrid wave 
mode of plasma. 
O. 
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2 2 For the typical values of the normalized quantities B=wb./W .=0.01~ 
2 2 1 pl 
P=w ./w .=5 and Kt=k~vb/w .=200, the above relation is calculated numeri-
pl Cl ~ Cl 
cally, by assuming the real frequency n=w/w . and the complex wave number 
Cl 
KII=~lvb/wci' The result is shown in Fig. 4, which agrees with the 
experimental results shown in Fig. 3, qualitatively. 
In conclusion, the reactive-medium instability of the space charge 
wave of ion beam is observed near the lower hybrid frequency and the 
energy transfer from beam to the wave may be verified from the measurement 
of slowing down of the wave. This work is supported by the Grant-in-
Aid from the Ministry of Education of Japan. 
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